We adopt the definition of sustainable development as "non-declining welfare per capita ", with genuine savings and change in wealth per capita as indicators of "weak sustainability ". The results suggest that the overall trend of the Indonesian economy during the past twenty years has not been on a sustainable path. Despite this, the degree of sustainability had been on an improving trend, due to the restructuring of the economy away from the oil and gas sector, and towards greater reliance on secondary and tertiary economic activities. However, forest resource depletion and environmental degradation from water and air pollution have rapidly become a growing problem. The economic crisis had adversely affected the positive trend in sustainability, through a combination of reduced savings rate and increases in natural resource depletion.
I. Introduction
The "miracle" of rapid economic growth in many East Asian countries, including Indonesia, had been widely perceived as the norm, until the 1997-98 financial and economic crises. Some have argued that the miraculous economic performance had not been properly measured, such as not taking into account the high rate of natural resource depletion and environmental degradation that accompanied the process. This raises the question whether the East Asian economies have developed in a sustainable manner, and how the economic crisis has affected the economic sustainability of these countries. Answers to such questions are of high importance to countries like Indonesia. As the economic and social costs of the crises are enormous, assessing its consequences on broader issues of sustainable development, and on environmental costs in particular, will provide lessons learned for the present and future generations. The objective of this article is to provide answers to the above question, by assessing the sustainability of Indonesia's longrun economic development, both before and after the crisis.
Following this introduction, Section II outlines the conceptual framework used to determine sustainable development. Section III outlines the methodology and data used in the computation of indicators for sustainable development (i.e. genuine savings and change in wealth per capita).
Discussion of the results in Section IV is divided into three subsections, based on: (i) the overall long-run trend in sustainability; (ii) sustainability before the crisis; and (iii) the impact of the crisis on sustainability during the adjustment period. Section V concludes with some policy implications.
II. The Conceptual Framework
One of the most universally quoted definitions of sustainable development is the one cited by the World Commission on Environment and Development, also known as the Brundtland Commission, which defines it as:
Economic and social development that meets the needs of the current generation without undermining the ability of future generations to meet their own needs (WCED 1987) .
Following the publication of the Brundtland report, there has been a rapid escalation of alternative definitions of sustainable development, and lists are provided by several authors (Pezzey 1989; Pearce, Barbier, and Markandya 1990; and Rees 1989) . Mitlin (1992) notes that, in general, the definitions involve two main components: (i) the meaning of development (i.e. what are the main goals of development: economic growth, basic needs, rights, etc.); and (ii) the conditions necessary for sustainability.
Economics has its own interpretation of this definition, and restates it in a more compact form, that is: sustainable development is defined as non-declining welfare per capita. As long as the future generation is as well off as the current one, then development is sustainable. Measurable and applicable sustainable development indicators have to be able to show this. The practical problem with this definition is how to measure welfare?
To overcome the problem in measuring welfare directly, economics proposes the concept of "capital basis for sustainable development". Capital stock indicates the ability of an economy to produce output, and thereby generate well being. It is the productive capacity of an economy that improves the welfare of its people. Therefore, if the economy can sustain productive capacity, then the economy can sustain its peoples' well-being. The capital basis for sustainable development translates into what is called the "constant capital rule".1 Non-declining welfare per capita can be guaranteed by a non-declining capital stock. A non-declining capital stock would mean non-declining well-being per capita. Therefore, in order to determine whether an economy is on a sustainable development path, we only need to know the path of its capital stock over time.
The capital basis for sustainable development raises two opposing arguments: the concept of weak sustainability (WS) and strong sustainability (SS). The weak sustainability rule states that as long as the total stock of capital (K) is nondeclining, it does not matter. For example, even if the stock of natural capital (Kn) is declining, as long as increases in man-made capital (KM) can offset its decline, then sustainability is assured. On the other hand, the strong sustainability rule insists that besides the total capital stock (K) should be non-declining, some other form of capital, such as Kn should also be non-declining.
Genuine savings, and change in wealth per capita, are indicators of sustainable development based on weak sustainability. Genuine savings is defined as the level of saving in the economy, over and above the sum of all capital depreciations (i.e. depreciation of KM, Kn, Kh, and K5). Intuitively, genuine savings is investment in produced assets and human capital, less the value of the depletion of natural resources, and the value of accumulation of pollutants. If genuine savings is positive, the nation must be adding to its capital base, and when it is negative, the nation is running down its capital stock. Persistent negative genuine savings means development is not on a sustainable path. However, as mentioned before, since our concern is "per capita" well-being, genuine savings can only tell us whether or not total well-being is declining, but not per capita well-being. The latter is captured through the change in wealth per capita, as developed by Hamilton (2000a) .
III. Methodology and Data

III.l Measuring Genuine Savings
This section discusses the step-by-step methodology used, including a description of the data sources used in estimating genuine savings over the period 1980-2000. An empirical estimation of genuine savings is obtained through the following eight equations: Equation (1) Depreciation of Non-renewable Natural Resources. Equation (5) shows how to calculate the value of depreciation or depletion of nonrenewable natural resources. We included ten categories of non-renewable natural resources: crude oil, natural gas, coal, bauxite, nickel ore, gold, silver, iron sand, copper, and tin.4 The data of extracted quantity of each sub-soil resources (q¡) was obtained from "Oil and Gas Mining Statistics" and "Non Oil and Gas Mining Statistics", both published annually by the Indonesian Central Board of Statistics (BPS).
We used the "net price method" to measure the depletion of sub-soil resources, by simply multiplying the quantity of extraction (q¡), or the change in stock of sub-soil resources, with its unit rent (r¡). following Hamilton (1998) , by assigning a proportion of unit rent from our own calculated price (0.58 for iron sands, and 0.49 for copper).
Depreciation of Renewable Natural Resources. Equation (6) shows that instead of multiplying unit rent with quantity of resources harvested, we multiplied it with its net depletion or quantity harvested (hj), minus natural growth (gj). For forest resources, this net depletion is simply called "excess felling". Excess felling is defined as the volume of round wood produced in excess of its sustainable growth. Several strong assumptions and simplifications were made to arrive at the estimation of sustainable growth of round wood. We assumed that natural growth is proportional to the stock of standing timber. Data for stock of standing timber is available for the years 1990 to 2000 from a BPS publication.7 The data for the years before 1990 was estimated using trend regressions.8 Data for natural growth is also available for the same years (1990 to 2000), with the average proportion from the standing stock of 0.0036. We used this proportion to estimate the natural growth of round wood for the years 1980 to 1989. Annual data on the volume of round wood production is available from BPS and the Ministry of Forestry. However, it is widely believed that this official data underestimates the true rate of production due to factors such as illegal logging and shifting cultivation. We therefore used round wood production data from the FAOSTAT database on industrial round wood production. It was found that the rate of round wood depletion from this data was greater than the rate cited in the official sources. The average world export price (calculated from FAOSTAT database9) was used to estimate round wood unit rent. Based on an ITFMP study, the round wood unit rent is estimated to be 72.41 per cent of its price (ITFMP 1999) . Unit rent of round wood for each respective year was calculated as the unit rent percentage of price, multiplied by the price in each respective year.
Environmental Degradation. Equation (7) Assuming a constant pollution intensity throughout the 1980-2000 period, the annual pollution intensity was estimated by adjusting it with each respective year's wholesale price index. Genuine Savings was adopted to measure the cost of global damage from CO2 emissions (Hamilton and Clemens 1999) . It is assumed that global damage is charged to emitting countries, on the assumption that the property rights to a clean environment lies with the polluters.
III.2 Measuring the Change in Wealth
Per Capita
Previous discussions suggest that when the The most difficult part in applying equation (9), is in obtaining the total value of wealth (K1).
Currently, there are several methods and studies in wealth estimation, such as individually estimating every component of a nation's wealth (Kunte et al. 1998) , or by estimating it indirectly, by calculating the present value of per capita consumption (Hamilton 2000a) .
In this study, we used our own estimates of wealth, based on our previous study of green accounting. In Alisjahbana and Yusuf (2000a), we constructed an SEEA for the year 1990 and 1995 that required us to calculate the value of nonfinancial assets (i.e. natural assets). However, this wealth estimate is limited to two years, and only covers selected components of wealth. Table Al (in the appendix) shows the basis for the wealth estimation (K1). In order to obtain the time series for K1, we applied adjusted Perpetual Inventory Method (PIM) that accounts for the revaluation of the change in stock prices.
IV. Results and Discussion
The results for the genuine savings rate are shown in Figure 1 , while the change in wealth per capita is provided in Figure 2 . Figures 3 and 4 show components of the genuine savings rate, in terms of resource depletion and environmental degradation. The conceptual framework and the methodology discussed in the previous section suggests that positive genuine savings and/or a change in wealth per capita (for a certain period of time) conclude that the Indonesian economy in general (i.e. over the twenty years) was not sustainable. As has been explained previously, change in wealth per capita is a better measure of sustainability, since the concept takes into account population growth in the overall sustainability measurement.
As the above calculation was conducted with some data and methodological limitations, then the conclusiveness of the results will likely depend on several aspects. First, we have not yet been able to include some other important components of assets into our calculation. For example, nontimber benefits of forests, which many people think have been depleted significantly, or pollution from non-industrial sources, such as transportation and households, and many others that could not be calculated because of data and methodological limitations. Had these exclusions been incorporated into our calculation it could have further driven down the sustainability indicators, and the conclusion of unsustainability would have been strengthened. Second, the results are based on the concept of "weak sustainability", and on the assumption of perfect substitutability between man-made and natural capital. Since our results do not meet this weak sustainability criteria, it is clear that they would also not meet the (more demanding) strong sustainability criteria either.
However, some cautionary comments should be noted. We do not, for example, incorporate the value of human capital into our calculated changes in wealth per capita (due to methodological limitations), and we also do not include the discovery of natural resources (because of data limitations), as positive changes in wealth. These could drive up our result indicators, and could possibly weaken our conclusion on the unsustainability of the Indonesian economy.
IV.2 The Trend of Sustainable Development in the Pre-crisis Period There are some general trends from both indicators that should be noted. Both the genuine savings rate and change in wealth per capita have shown an improvement over time, with the exception of the economic crisis period. Had this trend continued, then there could be some room for optimism in the context of Indonesia's sustainable development. If we divided the last two decades into two distinct periods -the 1980s and the 1990s -we could argue that the Indonesian economy had not been on a sustainable path during the 1980s, but had experienced economic sustainability during the 1990s (especially when we counterfactually assumed no crisis occurred towards the end of the 1990s).
The general improving trend in sustainability indicators over time can be explained further by looking at their components (see Figures 3 and 4) . First, the conventional savings rate had been relatively stable. This "traditional measure" of economic sustainability indicates that gross national savings had been relatively constant over the period 1980-97, ranging from 26.24 per cent of GNP to 33.12 per cent. Second, the depreciation of man-made capital has been invariant over time, at a rate of 5 per cent of GNP. Third, total environmental degradation (both local and global environmental degradation) increased slightly over time, despite its insignificant magnitude (around 1.5 to 3 per cent of GNP). Finally, total resource depletion exhibits an obvious decreasing trend over the period, from almost 20 per cent of GNP in 1980, to only slightly less than 6 per cent in 1997.
Looking at the trend of natural resource depletion (see Figure 1) , it is very obvious that the decline has been mostly due to declining oil and gas depletion, as a percentage of GNP. As the Indonesian economy had been restructuring away from a high degree of dependence on the oil and gas sector, it has moved towards a more sustainable path. Figure 5 shows the significance of this structural change, and its implication for sustainable development. The figure clearly shows that up to the year 1997, a declining share of the primary sector's value-added (agriculture and mining) had been accompanied by an increasing value-added share by the manufacturing sector. Not only has the economic policy to promote the non-oil and gas sector helped to achieve a higher rate of economic growth, it has also put the economy on a more sustainable development path. However, this structural shift is not the only explanation. The general trend of the economy towards a more sustainable path between 1980 and 1997 might have also been affected by various other events and policies over this same period.
First, the shift in Indonesia's industrialization policy, from import-substitution in the 1970s, to an export-oriented industrialization strategy in the second-half of the 1980s. Second, a different attitude towards foreign direct investment, from being very restrictive in the late 1970s, to one that has been more liberal since 1986. Third, the financial deregulation that occurred in October 1988, which significantly increased saving rates.
On the other hand, it should be noted that minerals (excluding oil and gas), forest resource depletion (as shown in Figure 3 ) and environmental degradation (as shown in Figure 4 ) have consistently shown an increasing long-run trend. If this trend continues, then we have to anticipate the future implications. As Indonesia is a country with abundant natural resources, once these resources are heavily depleted, it will have adverse consequences for sustainable development. The same is true for the impact of a more dominant industrial sector within the economy, with the ensuing pollution problems. IV.3 Sustainable Development and Impact of the Crisis (1997 Crisis ( -2000 If we highlight the period of the economic crisis, and the adjustment period that followed, we can clearly observe the impact of the economic crisis on sustainability. From the first year of the economic crisis (1997), the general trend -which had occurred for the preceding sixteen years -of improving sustainability indicators, was halted.
But more importantly, both indicators of sustainability dropped significantly. Although the genuine savings rate was only negative once, in 1999, the change in wealth per capita was consistently negative throughout the crisis period (of 1998, 1999, and 2000) . Such a pattern clearly indicates economic unsustainability.
How has the economic crisis led to unsustainable development? The answers can be found by disentangling the sustainable development indicators into their individual components. The fall in sustainable development indicators is a result of two forces at work. First, the sharp drop in the conventional savings rate; and secondly the significant increase in natural resources depletion, mostly in the form of oil and gas depletion. 1998, 1999, and 2000 , are thought to be the cause of a negative change in wealth per capita over the three-year period.
There is common agreement in the literature on savings behavior that economic growth is the most important variable (Gulati and Thimann 1997) . A casual look at the scatter plot of saving rates and economic growth for Indonesia (see Figure A2 in the appendix) reveals that the savings rate can be very sensitive to economic growth. When the economic crisis caused the lowest economic growth in Indonesian history, a sharp drop in the savings rate was inevitable. However, not many people realized how this had adversely impacted on sustainable development.
The second force that drove down sustainability indicators during the crisis period was the rise in resource depletion, mainly from the oil and gas sector. Non-oil and gas resource rent also experienced substantial increases during the crisis period, although to a lesser degree (see Figure 3 ).
Since the depletion rate is measured as a percentage of GNP, this raises an interesting question. How could the economic crisis of the late 1990s have affected such a notable change in Indonesia's economy, by affecting the behavior of such specific sectors as the mining sector? Figure 3 suggests that the crisis that started in 1997 had raised rent from the oil and gas sector, from 2.6 per cent of GNP in 1996 to almost 8 per cent in 1999 (an almost fourfold increase within three years). This, in turn, contributed significantly to the rise of total resource rent, from around 4 per cent of GNP in 1996 to almost 10 per cent in 1999; very inconsistent with the long-run trend. Consequently, this sharp rise was responsible for negative genuine savings in 1999, and the negative change in wealth per capita in 1998, 1999, and 2000. In short, rapid increases in the resource rent per GNP, due to the economic crisis, had reduced the sustainability of the Indonesian economy. This interesting phenomenon raises the question whether the economic crisis changed the behaviour of the natural resources sector in the economy. Empirically, this occurred in Indonesia during the crisis, as shown in Figure 5 . The figure suggests that the share of the mining and agriculture sectors' value-added rose during the crisis, and these together constituted a notable increase in the total share of the primary sector's value-added, from 25 per cent in 1997 to almost 31 per cent in 1998. Conversely, the share of the manufacturing sector's value-added dropped from 27 per cent in 1997 to 25 per cent in 1998.
There are several links that could relate the economic crisis to resource depletion or environmental degradation. The literature on the links between poverty and the environment argues that in a situation of open access resources, poor people tend to deplete resources more rapidly, because poor people usually have a lower personal discount rate. Unemployment and poverty increased during the crisis, and accordingly the rate of natural resource depletion (for example forest depletion) also rose. Environmental degradation could also be driven by an increasing poverty incidence, because in a period of economic hardship, asset (including natural assets) liquidation can be viewed as an inevitable answer.
The indication that the Indonesian economy was more resource-intensive during the economic crisis can be explained through the relationship between natural resource depletion for export and currency depreciation (Dauvergne 1999) . The Indonesian economic crisis was accompaniedand also triggered -by a sharp depreciation of the rupiah. This in turn increased the exploitation and export of natural resources because production costs were mainly incurred in local currency, but earnings from exporting the commodities were generated in foreign currency. As Dauvergne (1999) has observed:
Mining exploitation has apparently increased during the crisis, including by small miners who are exceptionally difficult to supervise. The Indonesian government awarded 50 contracts in February 1998 to mine gold, coal, diamonds, and nickel, bringing the total number of mining contracts in Indonesia to 269 (Sunderlin 1998:7).
The government is now encouraging foreign investment in the mining sector to try and maximize its foreign currency earnings.... The calculation of resource rents reveals that most of the increases in resource rent during the crisis were due to sharp increases in the value of unit rent. The rapid depreciation of the rupiah is thought to be responsible for this rise. Thus, this strengthens our argument that the economic crisis in Indonesia negatively affected sustainable development, the transmission of which was through the effect of the currency depreciation on resource rents.
As we have passed the height of the economic crisis, and Indonesia is on the path to economic recovery, the savings rate is expected to improve, resource depletion is expected to slow down, and hence contribute to an improvement in overall economic sustainability. The lower savings rate was mainly due to lower economic growth during the crisis, but the Indonesian economy is improving, and the local currency has stabilized. Taking an optimistic stance, we would expect that with the economy now in recovery mode, Indonesia's sustainable development can return to its long-run trend of improvement.
V. Concluding Remarks
The overall trend in sustainability indicators shows that the Indonesian economy has not been on a sustainable path during the last twenty years. Despite this, sustainability had been on an improving trend during the 1980 and 1990s, until just prior to the economic crisis. The improvement in the long-run trend of sustainability was due to the restructuring of the economy, away from the oil and gas sector, and towards more reliance on secondary and tertiary activities. Economic policies in the 1980s and 1990s that had accelerated structural change also had a beneficial effect on sustainable development.
Although the share of the oil and gas sector in the Indonesian economy had been on a decline, with its positive effect on sustainability, another development has been an increasing trend in nonoil and gas mineral extraction, the unsustainable practice of forest depletion, and an increasing share of environmental degradation due to industrial pollution. Policies related to natural resources management could be specifically used to maintain an optimal resource extraction path, with such examples as: proper regulation of property rights, royalties, concessions, regulation and zoning of natural resource management, and commitment for critical environmental expenditures. It has been shown that economic growth has a profound and positive effect on a country's path to sustainable development. Overall macroeconomic stability has to be achieved to attain higher growth in a sustainable manner. Policies that would facilitate a rise in the conventional savings rate should be prioritized, aside from measures to improve economic performance, and growth itself. 1.See Hamilton and Lutz (1996) . 2.In our previous estimation of genuine saving (see Alisjahbana and Yusuf 2000c), only current government spending on education was reclassified. The data is also not clear on whether capital expenditure is also included. Simply reclassifying total government spending as investment will "double-count" investment, because government capital expenditure has been classified as investment in the first place. In this study, we searched original data from the Ministry of Finance to obtain disaggregated current government spending over time, which has enabled us to add current expenditure on health and R&D with greater certainty. 3.We collected this data from annual publications of the Ministry of Finance, such as the Financial Notes and Draft State Budget (Nota Keuangan dan Rancangan Anggaran Pendapatan Belanja Negara) from 1980 to 2000. Since data for the budget year 1989/1990 was not available, we used the estimated trend value for this year. 4.Our previous studies (Alisjahbana and Yusuf 2000c) only included oil, gas, coal, bauxite and tin. 5.Ideally, we should use marginal cost, instead of unit cost. However, data on marginal cost of extraction is very hard to find. The use of average cost or unit cost tends to over-estimate the resource rent if the exhaustion time is long (e.g. see Vincent and Castañeda 1997). 6.Since the extraction cost of iron sands and copper are not covered in BPS publication, we followed Hamilton (1999) by assigning a proportion of unit rent from our own calculated price, i.e. 0.58 for iron sands, and 0.49 for copper. , 1990-1993; 1994-1996; 1996-2000. 8 .We estimated the trend equation: Stock = a + bYEAR, with R-squared of 0.97. 9.The FAOSTAT database can be accessed from <http://apps.fao.org>. 10.IPPS documentation can be downloaded from <http://www.worldbank.org/nipr/work_paper/>. 11.If change in wealth per capita has to be comparable with genuine savings, then we have to compare it to the adjusted genuine savings rate, which has always been positive over time.
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